Hypocrellins, perylenequinonoid pigments isolated from Hypocrella bambusae, are known photodynamic agents. They exhibit several advantages over the other photosensitizers, such as ready preparation, easy purification, low aggregation tendency, high singlet oxygen generation quantum yield and rapid metabolism in vivo. However, hypocrellins do not exhibit absorption at wavelengths longer than 600 nm, which limits their application for PDT. To solve this problem our efforts were focused towards modifying the properties of hypocrellin B. In this study, hypocrellin B complexes formed with the lanthanide ions lanthanum (La 3+ ), terbium (Tb 3+ ) and europium (Eu 3+ ), using ethanol as solvent, had their optical properties characterized through spectroscopic methods. We observed that all the lanthanide ions change the HB molecular structure, since displacements in the bands were noted in both absorption and emission spectra. Different molar ratios between the HB and the lanthanide ions were tested, and it was verified that the complexes with 1 mol of HB for 2 mol of lanthanide ions present the larger red- shift comparatively to pure HB. We also determined the dimerization constants for these complexes. Under excitation at 532 nm the singlet oxygen generation quantum yields were estimated by the emission at 1270 nm, where singlet oxygen has a well known emission peak. It can be affirmed that such complexations were responsible for an improvement in the optical properties of the HB molecule, which suggests that these complexes may find a good application at in vivo studies.
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Introduction
The treatment of cancer is one of the major challenges in medicine, and the possibility of new methods for diagnosis and therapy is being persecuted worldwide. Photodynamic therapy (PDT) is a promising modality 1, 2 to cancer treatment.
PDT action initiates when an organic dye (photosensitizer) absorbs light in the range 600-900 nm, the so-called therapeutic window, in which the light scattering by tissues is low and there is a small competing absorption from water and body chromophores such as hemoglobin, melanin, etc. After the light is absorbed, the dye must generate Reactive Oxygen Species (ROS), upon photochemical reaction with non absorbers molecules presents in the environment. These ROS are responsible for the apoptosis in the target tissues 3 . The photochemical reactions occur under electron transfer (type I), generating radical products, and/or energy transfer (type II), generating singlet oxygen 4 .
PDT depends also of conditions as light exposure interval, light exposure regime, photosensitizer concentrations , environment, etc 5 . Between several dyes used nowadays for PDT there is the Hypocrellin B (HB), shown in Figure 1 , a naturally perylenequinonoid dye extracted from the fungus of Hypocrella Bambusae 3, [6] [7] [8] . The HB dye in ethanol absorbs light at 590 nm, and its singlet oxygen generation quantum yield is 0.76 9 .
Ma et al. 9 demonstrated the possibility of improving the performance of HB complexing aluminum in its structure. In this case, the absorption band is shifted to around 618 nm in DMSO, but the singlet oxygen generation quantum yield is lowered to 0.23. The results indicate that this complex possesses an enhanced type I process but a decreased type II process when compared with HB.
In this work we present studies of HB complexation with the lanthanide ions europium, terbium and lanthanum. This investigation is inspired in a published work where lanthanum ions were shown to improve the PDT properties of hypocrellin A dye 10 . The main objective of this work is to obtain a photosensitizer that is easily prepared, with good solubility, purity, good absorption band in the therapeutic window, presenting a high quantum yield of triplet formation and singlet oxygen, and minimal side effects (photosensibility and toxicity). 
Materials and Methods

HB:Ln
Optical characterization of the complexes -absorption and emission spectra
The absorption spectra of all samples were measured at room temperature in the range 300 nm-700 nm using a Varian Cary 17D Spectrometer. The spectra were plotted in terms of molar absorptivity ( ):
where OD is the optical density, b represents the optical path (0.1 cm) and c is the solution concentration (70×10 -6 M), and is given in units of M -1 cm -1 . The emission spectra were obtained by exciting the samples, inside a 1 mm optical path cuvette with a 150 W Xenon lamp.
The solutions emissions were analyzed with a 0.5 m Spex monochromator and a PMT detector.
The signal was amplified by an EG&G 7220 lock-in and processed by a computer.
Dimerization constants K D .
HB solutions were prepared in different concentrations from 700 M up to 5 M, and their dimerization constants K D were calculated through 11 .
Singlet oxygen generation quantum yields
The infrared emission around 1270 nm, due to the 1 g transition, was measured using an emission system from Edinburg Instruments. This system is constituted by a Q-switched 
Results
Molar ratios for HB:Ln 3+ complexes
The Hypocrellin B solution in ethanol exhibits a very large absorption band, extending from 400 nm to 600 nm, which is characterized by three absorption peaks centered at 461, 548
and 589 nm. This observation is in agreement with the fact that the absorption spectra of perylenequinonoid pigments at the visible spectrum consist of three bands, the smaller wavelength and higher intensity being originated in a * transition, while the others result from intramolecular proton transfer processes 14 .
After the addition of lanthanide ions, changes in the HB absorption spectrum occur, indicating that complexation successfully occurred (figure 2).
It can be seen in figure 2 that the lanthanide complexes of HB exhibit absorption peaks similar to those of pure HB, covering the entire visible spectrum. At wavelengths longer than 600 nm, however, the absorptivity is enhanced in a remarkable way. This is good for photodynamic therapy once the longer the incident wavelength, the deeper its penetration in We propose a model for the structure of the HB:Ln 3+ complex in which the two metal ions bind to the phenolic hydroxyl oxygens and the carbonyl oxygens of the HB molecule, and the bridge between these ions is done by Cl ions. Figure 3 exhibits the samples emission spectra under excitation at 470 nm, and The shorter wavelength emission band of HB (~620 nm) is due to a * transition, and the emission band around 690 nm to an intramolecular proton transfer process 14 . Regarding the HB molecule complexation by lanthanide ions, modifications in the emission peaks and in the radioactive decay rate constants are observed for all lanthanide used, and the HB shorter wavelength luminescence peak is suppressed with the lanthanide ions addition to the solution. As it is well known, aggregates have its emission peaks shifted to longer wavelengths when compared with its base monomers, and this reinforces the polymeric structure of HB lanthanide complexes=. The dimerization process can be described by the equation 11 : 
Optical characterization of HB:Ln 3+ complexes
Dimerization constant for HB in ethanol
[M] can be written as L, where is an experimental coefficient that depends on the wavelength, the specific experimental and recording conditions, and L is the luminescence intensity Performing this substitution, equation (3) 
is the frequency of the radiation emitted during the transition. Using this relation, 1 g lifetime ( ) and singlet oxygen generation quantum yields were determined from these measurements.
Values of were calculated using the relation:
where I is the emission intensity at 1270 nm, A is the absorbance in 532 nm and the indexes S and R refer to the sample and reference, respectively.
It may be seen in figure 5a and table 1 that only the lanthanum addition to the HB in ethanol increases the value from 0.47 to 0.62, an enhancement of 32%. Europium addition was responsible for quenching the singlet oxygen generation from 0.47 to 0.03, while terbium addition did not induce remarkable changes in it (from 0.47 to 0.42).
CONCLUSIONS
For the first time, to the best of our knowledge, lanthanide complexes of the photosensitizer hypocrellin B were investigated using Optical Spectroscopy. . The lanthanide ions chelate on the HB molecular structure following molar ratio of 2 mols of lanthanide for 1 mol of HB, since these stoichiometry results in the higher molar absorptivity at wavelengths longer than 600 nm, indicating that the HB molecule carries two potential binding sites for lanthanide ions. The dimerization , and the value 4.7×10 4 M -1 was obtained. The complexes presente emission at longer wavelengths than pure HB, which reveals that the complexes structure is polymeric. Based on these results, a model for the HB complex polymeric structure was proposed. The singlet oxygen generation quantum yields for the complexes were deermined, and the complex of HB with lanthanum ions in ethanol is the only one which enhances the generation of this cytotoxic species. 
